Five patients with Barrett's metaplastic epithelium were investigated by means of laser-induced fluorescence after low-dose i.v. injection (0.35 mg/kg b.w.) of Photofrin® in connection with endoscopy procedures. The excitation wavelength was 405 nm. Recorded fluorescence spectra were evaluated by forming ratios with the photosensitiser fluorescence as numerator and the autofluorescence as denominator. Two patients had no evidence of malignancy and their fluorescence ratios were consequently rather small, whereas the other three patients had adenocarcinoma and showed considerably higher ratios. The results indicate that laser-induced fluorescence can be used as an aid in detecting malignant transformations in Barrett's metaplasia.
INTRODUCTION
The type of epithelium present in the digestive tract depends on the functions of the specific part that it lines. The oesophagus is lined with a stratified squamous epithelium, which is well suited to withstand the wear and tear caused by chewed food. The stomach is lined by secretory columnar epithelium, where the cells are specialised to secret mucus and sustain the acidic environment. However, when the conditions of the epithelium changes, there is a risk that the type of epithelium changes with it. Barrett's epithelium is such an altered epithelium, a metaplastic columnar epithelium in the lower oesophagus, which is found in approximately 10% of the patients who undergo endoscopy for evaluation of symptoms of gastroesophageal reflux disease1. Patients with Barrett's oesophagus are considered to have a 30-125 times higher risk of developing adenocarcinoma in the oesophagus than the general population2'3 and prospective endoscopic surveillance is thus recommended. It is of utmost importance to find the Barrett's cancers at an early stage4'5, as they are otherwise difficult to cure. However, early malignant changes of Barrett's epithelium are not accompanied by manifest symptomatology and evident changes to be seen at white light endoscopy and therefore difficult to detect. Biopsies are taken randomly from patients with Barrett's epithelium at each endoscopy session to increase the probability of finding the early malignant changes. However, the lesions are often patchy distributed and many biopsies are thus needed. This is impractical and may even be hazardous to the patient.
The 5-year survival rate of patients diagnosed with Barrett' s carcinoma is today only approximately 7%6,7 It is therefore essential to develop new methods, as for example laser-induced fluorescence (LIF), for detection of early Barrett's adenocarcinoma. Earlier clinical in vivo results in tumour fluorescence detection have been reported for various organs, such as the urinary bladder and the lungs8' 9, 10 In addition, a promising report on autofluorescence measurements in three cases of Barrett's adenocarcinoma has been published11. The complete results of our clinical in vitro and in vivo LIF-measurements of adenocarcinoma in Barrett's oesophagus using low-dose Photofrin are presented elsewhere12.
MATERIAL AND METHODS
Laser-induced fluorescence measurements were performed in five patients during conventional endoscopy procedures. The biopsy channel in the endoscope was used to introduce the optical fibre, guiding the laser light to the lesion in the oesophagus and the fluorescence from the lesion to the detector. Biopsies were taken according to established practice13 after completed LWmeasurements, in order to avoid the influence of the resulting bleeding on the recorded fluorescence spectra. Therefore, it was not possible to take the biopsies from the exact measurement sites and correlate the result from each LW-measurement with the histological status of the epithelium. The total result of the fluorescence measurements was instead correlated with the final diagnosis, based on the biopsies taken. Sixty-five fluorescence spectra were recorded at the five endoscopy sessions.
Patients
The patients were numbered 1 to 5.Patients 1 to 3 had manifested gross carcinoma at endoscopy and was also histologically verified as adenocarcinoma. The other two patients, 4 and 5, had Barrett's oesophagus but not yet any evidence of malignant transformation. All patients were injected i.v. with 0.35 mgfkg b.w. of Photofrin® (QLT, Vancouver, Canada) 24 hours prior to the endoscopy sessions. Owing to this low dose of Photofrin, there were no cases of dermal photosensitisation, and no precautions concerning exposure to the sun or other light sources were necessary9' 1O• A clinically adapted optical multichannel analyser (OMA) system, arranged on a mobile trolley, was used for the fluorescence measurements. The set-up is shown in Figure 1 and described in detail elsewhere8. Briefly, a dye laser pumped by an N2-laser was used as an excitation light source. The laser system yielded an excitation wavelength of 405 nm with 10 iJ/pulse at a repetition rate of 10 Hz. The light was guided by mirrors, through lenses and finally through a 600 p.m core diameter quartz optical fibre, introduced in the biopsy channel of the endoscope, to the lesion in the oesophagus. The fibre tip was held in close contact with the tissue during the measurements. The resulting fluorescence from the tissue and the retained porphyrin from the Photofrin was collected and guided by the very same optical fibre to the detector, a CCD camera connected to a polychromator. A computer was used to control the equipment and to store and analyse the measured spectra. The fluorescence spectra were recorded from 8-23 locations per patient between 450 and 750 nm with a resolution of approximately 10 nm.
Analysis of the fluorescence spectra
The fluorescence spectra were analysed by taking a ratio of a corrected fluorescence intensity at 630 nm divided by the recorded fluorescence at 500 nm: 1(630 nm)/I(500 nm). The corrected fluorescence intensity at 630 nm, 1(630 nm), was obtained as the total fluorescence intensity at 630 nm minus the tissue autofluorescence at 630 nm, evaluated by fitting an exponential curve, I=A+BeCX, in the wavelength region 550 to 600 nm and 730-750 nm. This ratioing makes the SPIEVo!. 2627/51 2.2 Fluorescence measurement equipment result insensitive to probe positioning, light source fluctuations and other measurement inconsistencies. The fluorescence intensities at these two wavelengths are used to calculate the fluorescence ratio as they basically represent two types of information for tumour identification in the two different wavelength regions of a spectrum. The corrected fluorescence at 630 nm originates mainly from the porphyrin, whereas the fluorescence at 500nm originates mainly from endogenous tissue fluorophores, resulting in the autofluorescence. It has previously been shown that malignant tissue yields higher fluorescence ratios than normal tissue, as the malignant mucosa in general contains more porphyrin and thus has a stronger porphyrin fluorescence14. In addition, malignant tissue has a weaker autofluorescence, which also results in higher fluorescence ratios. 3. RESULTS Figure 2 shows two examples of recorded spectra from patient 1. A typical spectrum from normal oesophageal mucosa and one from tissue with manifest adenocarcinoma are presented. The tissue was assessed visually by the endoscopist. There was a histological verification of the tissue area, as the biopsies were collected approximately from the measurement site. The spectrum from normal mucosa is characterised by high autofluorescence at approximately 500 nm, which implies low fluorescence ratios, whereas the spectrum from the adenocarcinoma is characterised by low autofluorescence resulting in high fluorescence ratios. The difference in the fluorescence at 630 nm between the two spectra is not as significant and does not contribute that much to the discrimination between the fluorescence ratios of the two tissue types. 
DISCUSSION
There is much to be gained with an applicable clinical method to detect early malignant transformation in Barrett's oesophagus, considering today's 5-year survival rate of 7%6,7• Our results indicate that laser-induced fluorescence has a potential to increase the diagnostic yield in order to find the Barrett's carcinomas when they are curable, i.e. at an early stage.
All three patients with histologically verified adenocarcinoma manifested high fluorescence ratios, whereas the two patients without evidenceof malignant transformation did not. The ratios were compared with a cut-off level of 0.55, which was found in a previous in vitro study12. The result of that study was that all ratios above 0.55 represented malignancy. As can be seen in Figure 3 , ratios above 0.55 were found in all patients with adenocarcinoma but not in the other two patients. Thus, diagnosis based on fluorescence measurements was in good agreement with that based on biopsies. AU fluorescence ratios, apart from two, obtained from adenocarcinomas (visual assessment by the endoscopist) were above the cut-off level of 0.55. The diagnosis based on the fluorescence ratios differed from the visual assessment of the tissue in four cases out of 65 measurements. This should rather be seen as an indication, as visual assessment is not as reliable as histological evaluation. Still, the agreement is remarkably good, probably due to the macroscopically manifest occurrence of the tumours.
The difference in the fluorescence at 630 nm between the two spectra was not as distinct as expected. The difference in the fluorescence ratios between normal tissue and adenocarcinoma is thus mainly due to differences in the autofluorescence and not in the porphyrin fluorescence. This means that the porphyrin was probably not selectively retained in the tumour tissue to the same extent as have been seen in other organs14 and did not contribute very much to the tumour identification. It implies that fluorescence diagnostics of malignancies in the oesophagus may be possible without any sensitiser, thus simplifying the procedure.
Laser-induced fluorescence cannot replace the collection of biopsies, but it can guide the endoscopist to select multiple biopsy sites in suspicious areas indicated by high fluorescence ratios. Compared to biopsies taken at random, this procedure would minimise the number of biopsies taken and increase the probability in finding the early malignant changes in Barrett's oesophagus. A complete scanning of the oesophagus in order to fmd suspicious areas would even be possible using a system that images the tissue in terms of fluorescence ratios. This has been performed on a research basis in other organs15 ' 16• We have demonstrated that laser-induced fluorescence can be used to distinguish Barrett's oesophagus with malignant transformation from those without malignancies. Although some questions still remain to be answered, this diagnostic technique seems to be a powerful and easily performed procedure to increase the diagnostic yield in Barrett's oesophagus.
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